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In most all fluid heat transfer systems,

a device, or heat exchanger, must be
included which rejects heat from one
portion of the system to another. The heat
exchanger provides two functions. It is both
a connection and barrier to the heat
collection and heat rejection portions of the
thermal control system (TCS). More often
than not, multiple fluids, as shown in

figure 63, are utilized in the system for
reasons of efficiency which may cause
safety and/or reliability problems.
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Essentially two failure modes exist, a Ficure 64.—Two fault-tolerant heat exchanger tube design.

breach to the environment (i.e. a fluid may

be toxic if released into the environment) ora system breach across the two heat transf&y incorporating additional barriers in the
loops (i.e. two fluids are utilized which are heat exchanger only, additional failures can
hazardous when mixed). If the first failure be tolerated at the interface allowing less

mode is of concern, then often-added attention to the system as a whole. An
Fluid 1 Fluid Fluig reliability must be incorporated to ensure example design, shown in figure 64, allows
1 1 1 lz that the second failure mode discussed doe®r two failures with no operational impact
AA not also cause the first—release to the to the system. At the fluid interface,
environment. This might be the case if multiple structural barriers are added, which
ata — materials were not compatible with both  in this case are pipes. The void between
fluids or if large mismatches in design each pipe can then be filled with a variety of
- - pressure were present. In order to accom- heat transfer enhancement materials to
— — plish isolation, strict attention must be givenmaintain the thermal efficiency of the
= = to these types of factors often resulting in  device.
= — — . . .
< < high system costs. A rather simple solution
§ - —’§ to the aforedescribed problem is a fault-  An additional benefit exists if the voids are
—_ —_— tolerant heat exchanger. also filled with a gas charged at a different
s s . . ' pressure than either sy§tem opergtlng
The proposed device will allow TCS fluids pressure. By gas charging the voids
to be utilized in different portions of the instrumentation can also be applied which
system which are neither chemically will allow failure monitoring to occur at the
— . — compatible nor have similar operating interface. This would be advantageous in
pressures. By increasing the number of  systems which require a planned shutdown
Fluid 1 Fluid Fluid  barriers across the single device, required and heat exchanger failure is a concern. For
Fluid designation can be 1 isolation is relieved at other sections of the these systems, monitoring for failures
T loop, thereby increasing the reliability with allows the system to continue operation
in liquid or gaseous form. o i ) .
minimal impact to cost, weight and (after one or more failures have occurred)
efficiency. until the system can be shut down by the

Ficure 63.—Typical heat exchanger design. required procedure.
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The proposed design approach can be
applied to essentially any heat exchanger
design (shell and tube, thin wall, etc.)
offering the possibility of increased system
performance in a variety of areas where
fluid release/mixing/design pressure is a
concern. The multiple barriers allow less
detailed attention to the total system design
and may also decrease costs by improving
reliability.
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